The present study reports 228 species of lichens and lichenicolous or non-lichenized saprobic fungi in Petrozavodsk (Republic of Karelia, Russia). Seven lichen species of Karelian Red Data Book are recorded. Three species are reported for the first time for Karelia: Arthonia fusca (A. Massal.) Hepp, Hypocenomyce caradocensis (Leight. ex Nyl.) P. James & Gotth. Schneid., and Pycnora sorophora (Vain.) Hafellner. 47 species are reported as new to Karelia olonetsensis, 7 species as new to Karelia onegensis (Fadeeva et al., 2007) .
INTRODUCTION
The first records of lichens of Petrozavodsk date back to the middle of the 19th century. The first collections of lichens were made by a number of Finnish botanists in the period of 1850 to 1898: Th. Simming, A. Kullhem, M. Brenner, W. Nylander, J. P. Norrlin, A. K. Cajander, J. I. Lindroth (Liro). The first sets of their specimens are now preserved in Helsinki (H). Some data were also published by them (e.g., Nylander, 1866; Norrlin, 1876) . A local early collector was A. K. Günther, a pharmacist in Petrozavodsk, and many of his collections are also in Helsinki. During the Finnish occupation of Petrozavodsk in 1941-44, in the World War II, a number of additional collections were made by the Finnish botanists A. Koskinen, M. Laurila, L. Fagerström, and V. Räsänen. Their specimens are also preserved in H. Some of their records were also published (e.g., Fagerström, 1945; Koskinen, 1961) . In total, 155 lichen species were reported for Petrozavodsk before 1945. Only 114 species of them were found in recent surveys (Tarasova et al., 2012) . The early papers were analyzed in the Karelian lichen checklists by Fadeeva et al. (1997 Fadeeva et al. ( , 2007 , but Petrozavodsk is not usually specifically cited. It should be noted that in their botanical province system Petrozavodsk is mainly included in Karelia olonetsensis (Kol), while its northern parts (and particularly the present town district Solomennoe, Botanical Garden and Nature Reserve Zaozersky), were included in Karelia onegensis (Kon). In some literature and on labels Petrozavodsk has been occasionally incorrectly totally included in Karelia onegensis.
The recent studies of lichen diversity and distribution under urban conditions in Petrozavodsk started in the1990s (Sonina, Sysoyeva, 1997; Kuzmina, Sonina, 2002; Tarasova, Evseeva, 2006; Tarasova, Sonina, 2006; Tarasova et al., 2007; Sonina et al., 2008; Tarasova et al., 2008; Tarasova et al., 2010) . This paper summarizes the studies of lichen species diversity in Petrozavodsk in 1995-2012. Our comprehensive inventory shows that the species composition of lichens in this city has clearly changed during the 150 year period (Tarasova at al., 2012) . The main reasons are expansion of the town area, as well as increasing urban effects on lichens.
Study area
Petrozavodsk is the capital and the biggest town of the Republic of Karelia. It is situated in the North-West of Russian Federation (Fig. 1) . The town is located on the banks of Petrozavodsk Bay of Lake Onega (about 61°50'N, 34°20'E). It was established around an arms factory, constructed near the river Lososinka in 1703 by Peter the Great.
Petrozavodsk has a population of 234 000 (2010) and the town area is 135 sq. km. Nowadays there are machine-building, metal working, wood working, constructing, food, light and typographic industries in Petrozavodsk.
Petrozavodsk stretches for nearly 25 km along the Petrozavodsk Bay of Lake Onega. The relief of the town area was formed by glacial and glaciofluvial actions on soil and bedrock surface and is characterized by considerable dissection. Absolute heights vary from 33 (the level of Lake Onega) to 145 m above the sea level (Lukashov, 2003) . Geologically the territory of the town is located within the Precambrian Baltic Shield. Within the territory of the city there are two rivers, Lososinka and Neglinka, and other streams, draining to Lake Onega. Bare rock outcrops are common in the area (Lukashov, 2003) .
The climate of the area is moderately continental, with some oceanic features. The winter is prolonged and relatively mild, the summer is short and cool. The weather is changeable due to frequent western cyclones. The duration of a frost-free period is 120-130 days. The mean annual precipitation is 550-600 mm. The annual average temperature is from 0 to +3 °C. The mean monthly temperature varies from -11 °C in January to +15.6 °C in July.
Petrozavodsk is located in the middle boreal subzone (southern boreal according to Finnish zonal system), where coniferous forests mainly dominate. A characteristic feature of the town is that there is a historically established dense central city of large stone buildings and residential sections with surrounding heavily urban landscapes, and large areas of natural vegetation preserved within the town limits, mainly located between the separate suburbs and along the town borders. However, the forests have decreased substantially for the last 150 years and now occupy about 400 hectares. Within the town limits there are two protected areas: Botanical Garden of Petrozavodsk State University (PetrSU) and Nature Reserve Zaozersky.
In comparison with other industrial Karelian towns (Kondopoga, Segezha, Kostomuksha, Nadvoitsy), Petrozavodsk is characterized by lower level of pollution. The main pollutants are carbon dioxide and nitrogen, and the main source of pollution is automobile traffic which has increased rapidly in recent times (State report…, 2012) .
MATERIAL AND METHODS
The main part of the material was collected in 1992-2012. The cited specimens are deposited in the Herbarium of Petrozavodsk State University (PZV). Some specimens were studied in the lichen herbaria of Botanical Museum of University of Helsinki (H). TLC technique was not used in species determination and therefore "cf." was added to the identification of some species.
Five habitat types are distinguished within the town area according to different levels of human impact: 1. Residential area -different types of buildings, yards, man-made constructions, downtown and bedroom quarters, shores of Lake Onega, banks of the rivers Lososinka and Neglinka. 2. Parklands -artificial plantations: parks, squares, alleys. The oldest town parks are 150-200 years old. 3. Natural forests -fragments of natural pine and spruce forests survived in urban development. 4. Botanical Garden of PetrSU -founded in 1951 on the northeastern shore of Petrozavodsk Bay of Lake Onega on south slope of a relic, ancient volcano. The territory of the Botanical Garden is 367 ha. This figure includes an arboretum and natural forest areas with predominance of spruce and pine forests. 5. Nature Reserve (zakaznik) Zaozersky -located on the northwestern shore of Lake Onega.
The reserve was founded in 1991. It occupies about 400 ha within the town limits (total extent 2710 ha). The area is mostly covered with spruce and pine forests with fragments of secondary deciduous communities. 
LIST OF SPECIES
The nomenclature of the cited taxa mainly follows the online version of the checklist by Santesson et al. (2004) 
DISCUSSION
The composition of the lichen flora in Petrozavodsk is quite diverse in comparison with many other cities of Russia. According to the current data on the Russian cities where the lichen flora has been studied, Petrozavodsk comes third after Saint Petersburg (Malysheva, 2005) and Novosibirsk (Svirko, 2006) based on the quantity and diversity of species. However, all the cities have not not been surveyed equally well.. 20% of all the lichen species known in Karelia were also recorded in Petrozavodsk (Fadeeva et al., 2007) . This is caused by several reasons. Firstly, large areas of urban natural forest and nature protected areas contribute to the distribution of typical boreal lichen species. Secondly, occurrence of nemoral tree species in stands of natural communities (Tilia cordata, Alnus glutinosa, etc.), as well as in artificial plantations in city parks and the Botanical Garden (Acer platanoides, Fraxinus excelsior, Populus alba, P. laurifolia, P. suaveolens, Quercus robur, Ulmus glabra, U. laevis) makes the lichen species composition more southerly than elsewhere in the area. The situation of the city on the large Lake Onega, as well as the presence of two rivers,ralso contribute to higher diversity of lichens. As many as 17 species of lichens (8%) were found only on boulders and rocks on the shores of Lake Onega and banks of the rivers. Aspicilia aquatica, Dermatocarpon luridum and Verrucaria hydrela are common riverine inhabitants adapted to flooding and are found only on the shores. In addition, Petrozavodsk is also better explored than most of Karelia, although the inventory is not at all complete, especially regarding many sterile crustose lichens and lichenicolous fungi. Arthonia fusca, Hypocenomyce caradocensis and Pycnora sorophora were registered in Karelia for the first time. According to the Karelian lichen checklist by Fadeeva et al. (2007) , our survey has yielded 47 species asenew to the biogeographic province Karelia olonetsensis (Kol) and 7 species new to Karelia onegensis (Kon).
The natural forest communities and nature protected within the city greatly contribute to the lichen species diversity in Petrozavodsk. More than 50% of the total of 152 species was found only in these forests. Moreover, these areas are refugia for several rare and vulner- 
